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Longitudinal Visual Field and Quality-of-Life 
Change in the Treatment for Advanced 
Glaucoma Study

Giovanni Montesano, MD, PhD, 1,2 Giovanni Ometto, PhD, 1,2 Riccardo Cheloni, PhD, 1,2,3

David F. Garway-Heath, MD, 1 Bethany E. Higgins, PhD, 2 David P. Crabb, PhD, 2 Anthony J. King, MD, 4 for the 
Treatment of Advanced Glaucoma Study (TAGS) Group

Purpose: Progressive visual field (VF) loss resulting from glaucoma affects quality of life (QoL). Although treat-
ments aim to preserve vision, the extent to which slowing VF loss translates into QoL changes in advanced disease is 
not understood fully. We compare the 5-year rate of VF and QoL change and examined their correlation in the 
Treatment for Advanced Glaucoma Study.
Design: Multicenter randomized clinical trial (27 secondary care glaucoma departments in the UK). 
Participants: Adults (n = 453) with newly diagnosed advanced open-angle glaucoma in at least 1 eye were ran-

domized to trabeculectomy (n = 227) or medical management (n = 226) as initial treatment. One eligible index eye was 
identified per participant.
Main Outcome Measures: Mean difference in rate of change in monocular index eye VF (24-2 SITA Standard), 

binocular integrated (BI) VF, and the 25-item Visual Function Questionnaire (VFQ-25) composite score over 5 years 
(intention to treat) using a Bayesian longitudinal hierarchical model.
Results: Data from 442 patients with reliable VF (false-positive rate ≤15%) or VFQ-25 data from >2 time points 

were included (221 patients in the trabeculectomy-first arm). Baseline characteristics were similar between arms. The 
rate of index eye VF loss was faster in the medications-first arm (—0.75 [95% credible interval (CrI), —0.90 to —0.59] 
dB/year) compared with the trabeculectomy-first arm (—0.37 [95% CrI, —0.53 to —0.22] dB/year; P = 0.002). Differ-
ences between groups were not statistically significant for BI VF decline (P = 0.062) or VFQ-25 change (P = 0.392). 
Correlations between VF and QoL were stronger for BI VF for baseline (0.41 [95% CrI, 0.32—0.49]; P < 0.001) and rate 
of change (0.56 [95% CrI, 0.41—0.70]; P < 0.001) than for index eye VF (0.22 [95% CrI, 0.12—0.32]; P < 0.001 and 0.43 
[95% CrI, 0.26—0.58]; P < 0.001, respectively).
Conclusions: Trabeculectomy more effectively reduced the rate of VF loss compared with medical treatment in 

advanced glaucoma. Despite a moderately strong correlation with the BI VF, no difference was found in the measured 
QoL, suggesting that the VFQ-25 might not be reactive or sensitive enough to monocular glaucoma interventions.
Financial Disclosure(s): Proprietary or commercial disclosure may be found in the Footnotes and Disclosures at the 

end of this article. Ophthalmology 2026;133:996-1005 ª 2026 American Academy of Ophthalmology, Inc. Published by 
Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Supplemental material available at www.aaojournal.org.

Glaucoma is a pressure-related disease of the optic nerve 
causing progressive loss of visual field (VF) and potentially 
blindness. At present, intraocular pressure lowering, by 
means of medical treatment, laser therapy, or surgery, is the 
only recognized treatment to prevent further VF deteriora-
tion. Patients with advanced glaucoma have a higher risk of 
progressing quickly to blindness or severe visual 
impairment. 1—6 Maintaining quality of life (QoL) is the 
most important treatment outcome for glaucoma patients, 7 

who are less concerned about the treatment required than 
they are in achieving this. 7,8

Loss of VF has been correlated with decreased QoL in 
patients with glaucoma, 9—15 validating VF metrics as 
meaningful for patients. In recent years, researchers have

attempted to measure the effect of glaucoma treatments on 
QoL directly. However, standardized QoL instruments have 
repeatedly failed to show a significant difference between 
treatment alternatives in randomized clinical trials, even 
when one treatment was clearly superior in preserving 
vision. 16—19

The Treatment of Advanced Glaucoma Study (TAGS) 
compared medical and surgical treatment in patients with 
advanced glaucoma and, unlike many previous studies, was 
powered specifically to detect a QoL change between arms 
with QoL as the primary outcome. 17,18 The TAGS used the 
25-item Visual Function Questionnaire (VFQ-25), 20 a 
validated questionnaire that has been used widely to 
evaluate visual outcomes in glaucoma. 19,21—23 The
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TAGS, 18 analyzing the average of global VF scores (mean 
deviation [MD]) and composite VFQ-25 QoL scores, found 
a clear difference in VF outcomes between the study arms, 
but not in QoL measurements, at 5 years.

In this analysis, we instead evaluated the differences in 
the rate of VF and QoL change between the 2 arms of the 
TAGS. Importantly, we expanded the methodology to 
analyze the binocular integrated (BI) VF and to quantify the 
correlation between VF loss and QoL. Because of the 
perimetric floor, MD can distort the estimates of rates of 
progression in advanced glaucoma. 24,25 Differently from 
previous analyses, 18 we use an improved methodology to 
account for the floor effect 25 and to provide more 
accurate estimates of VF rates of progression.

Methods

Patient Cohort

Details of the TAGS have been reported extensively. 26 The study 
was approved by the East Midlands Derby Research Ethics 
Committee (identifier, 13/EM/0395; registration no., 
ISRCTN56878850) and adhered to the tenets of the Declaration 
of Helsinki. All patients provided written informed consent. 
Briefly, the trial recruited 453 patients with newly diagnosed 
advanced glaucoma in at least 1 eye and randomized them to 
trabeculectomy or medications as the first treatment. Medical 
treatment was escalated according to the National Institute for 
Health and Care Excellence guidelines. Intraocular pressure 
targets were set following the Canadian Perspectives in 
Glaucoma Management: Setting Target Intra-Ocular Pressure 
Range consensus statement. 27 For all our analyses, we 
considered the treatment to which the patients were originally 
assigned (intention-to-treat analysis), although 26 participants 
(12%) in the trabeculectomy arm did not receive trabeculectomy 
in the index eye. A supplementary per-protocol analysis is re-
ported in the Appendix (available at www.aaojournal.org).

The primary outcome of the trial was vision-related QoL 
measured with the VFQ-25. The VFQ-25 was administered at 
baseline (before randomization) and then at 4, 12, 24, 36, 48, and 
60 months. Clinical effectiveness outcomes were evaluated at 
baseline and then at 4, 12, 24, and 60 months and included 
intraocular pressure, visual acuity, and VF testing (24-2 Swedish 
Interactive Thresholding Algorithm [SITA]-Standard; Humphrey 
Field Analyzer). The VF tests were performed twice at each visit.

An index eye was defined for each patient. This was the 
eligible eye if only 1 eye had advanced disease, or if both eyes 
were eligible, the eye with less severe disease according to the 
baseline MD value of the VF was the index eye. Both eyes 
received the same allocated treatment if eligible.

Data Analysis

Visual Field Data. We selected visits for which at least 1 reliable 
test (false-positive rate [FPR], ≤ 15%) 28 was available for the 
index eye and retained data from patients with valid data for at 
least 2 time points (n = 436 patients). Pointwise sensitivity 
values were extracted for each test and were analyzed (see 
below). The average of the 2 test repeats was taken at each 
visit, if both were reliable. The 2 blind-spot locations were 
excluded for the index eye analysis.

The VF data from the fellow eye of the same patients were 
used to calculate the BI VF. The BI VF was calculated using

pointwise sensitivity values following an established methodology 
for binocular summation, 29 calculated as:

Sensitivty binocular = 10

× log 10 
( ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅ 

10 2× ( Sensitivty right = 10 ) + 10 2× ( Sensitivty left = 10 )
√ )

This integration rule was shown to be very similar (marginally 
better) compared with the best location in predicting binocular 
sensitivity. 29 A different set of criteria was applied to select fellow 
eye tests. Reliable fellow eye VFs were preferred and selected 
when available. Otherwise, the threshold for inclusion was 
raised to an FPR of ≤ 25% to maximize the chances that a BI 
VF could be calculated for all visits for which a reliable index 
eye VF test was available. Despite being more than the 
conventional 15% threshold, these test results were considered 
to be the best available estimate for the fellow-eye VF because 
of the relatively small, estimated effect of 10% increase in FPR on 
sensitivity. 30 However, only 7 visits in 7 patients included tests 
with an FPR of > 15% for the fellow eye.

Only 4 visits from the fellow eye of 2 patients had no test 
results at less than the 25% FPR threshold. These were imputed 
with the best estimate from the available VF tests for the same eye 
(pointwise linear regression over time). This same imputation 
procedure was applied to visits for which no fellow eye test was 
available (14 visits, 10 patients). For 1 patient, no data were 
available for the fellow eye, which was blind, and the BI VF 
calculation relied on the index eye only. For the calculation of the 
BI VF, we included all 54 locations from the 24-2 pattern, 
including the blind-spot locations. The 2 temporal VF locations 
not tested by the 24-2 pattern were inferred from the 2 adjacent 
locations and were used to calculate the binocular summation.

Quality-of-Life Data. Data from patients with at least 2 VFQ-
25 questionnaire results were included in the analysis (n = 439 
patients). The main analysis was conducted using the composite 
score (range, 0—100), the main outcome measure of the trial. A 
secondary analysis of the individual subscales also was under-
taken. All analyses were repeated using calibrated logit scores 
derived from the individual responses through a Rasch model. 
These are explained in detail and reported in the Appendix.

Longitudinal Change Analysis. A Bayesian hierarchical 
model was used to model the rate of the index eye VF, BI VF, and 
VFQ-25 scores jointly. All models were fitted using Just Another 
Gibbs Sampler via R software (R Foundation for Statistical 
Computing). Details are provided in the Appendix. For the index 
eye VF, the model replicated the analysis performed for the 2-year 
data. 25 Briefly, the hierarchical model used pointwise data to 
estimate the average rate of progression of an individual patient. 
Importantly, the model also accounted for the perimetric floor 
effect by treating the distribution of sensitivity values as 
censored at 0 dB. 24,25 This prevents biasing the estimates of 
progression in patients with advanced VF loss toward slower 
rates. A similar approach was taken for the VFQ-25 composite 
score, modelling its linear change over time.

The main outcome measure was the estimated average rate of 
change (slope) and baseline (intercept) for the index eye VF, BI 
VF, and VFQ-25 score, modelled as a joint multivariable normal 
distribution at the patient level, explicitly quantifying the corre-
lations among the 3 outcome measures. This also provided a more 
robust estimate of the parameters for each outcome measure. For 
example, the estimated slope of change in VFQ-25 score was 
informed by the change in index eye VF and BI VF and vice versa. 
Moreover, rates for patients with missing data can be inferred by 
the model using the estimated correlations. This maximizes the 
number of patients who can be included in the analysis and was 
necessary for 6 patients with missing VF data and 6 patients with
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missing VFQ-25 data. In total, 10 patients were excluded because 
of insufficient VF and QoL data. The model was used to test for 
evidence of a difference between the rate of change of each 
outcome measure in the 2 arms of the trial. A Bayesian equivalent 
of the P value was calculated according to Makowski et al, 31 

similarly to our previous publications. 25,32 Statistical significance 
was defined as a Bayesian P value of less than 0.05.

We performed a set of exploratory analyses. A secondary 
analysis was performed by replacing the composite score with the 
scores for the individual subscales. This version of the model 
estimated the correlations among all subscales and between the VF 
outcomes and the individual subscales.

Finally, we used a similar approach to model the correlations 
between individual locations of the BI VF and the VFQ-25 scores, 
characterizing the regional effects of BI VF damage and pro-
gression on QoL. Technical details of these models are reported in 
the Appendix. The same analyses were repeated using the cali-
brated Rasch logit scores for the VFQ-25 data (described and 
reported in the Appendix).

Results

Baseline descriptive statistics for the TAGS participants 
have been reported elsewhere. 17,18,26 Table 1 summarizes 
relevant baseline characteristics for the participants 
included in this analysis. The better eye was split evenly 
between right (n = 211) and left (n = 231) eyes.

The rate of progression of the index eye VF over 5 years 
was 0.37 dB/year (95% credible interval [CrI], 0.15—0.59 
dB/year) slower in the trabeculectomy arm (P = 0.002). 
The rate of change for the BI VF and VFQ-25 composite 
score was slower in the trabeculectomy arm, but the dif-
ferences were not significant. These results are summarized 
in Table 2.

The estimated VFQ-25 score baselines and rates of 
change were correlated positively with the estimated base-
lines and rates of change of both the BI VF and the index 
eye VF (P < 0.001; Fig 1). The correlations were stronger 
for the BI VF than for the index eye VF; this difference was 
significant for the estimated baselines (P < 0.001) and was 
borderline for the estimated rates of change (P = 0.051). A 
significant correlation was found between the BI VF and 
index eye VF in both estimated baselines (0.50 [95% CrI, 
0.42—0.57]; P < 0.001) and rates of change (0.68 [95% 
CrI, 0.56—0.77]; P < 0.001). The partial correlation 
between index eye VF and VFQ-25 composite score, that 
is, the residual correlation after the correlation between the 
BI VF and index eye VF was taken into account, was much 
smaller and not significant (estimated baselines: 0.03 [95% 
CrI, —0.08 to 0.13; P = 0.638]; rates of change: 0.07 [95% 
CrI, —0.14 to 0.28; P = 0.514]).

Figure 2 shows the estimated baseline and rate of change 
correlations of the index eye VF and BI VF with VFQ-25 
subscales. The BI VF estimated baselines and rates of 
progression showed stronger correlations with the VFQ-25 
scores than the index eye VF. For both the estimated 
baselines and rates, the strongest correlation was for the 
driving subscale. The partial correlation for the index eye 
VF did not reach significance for any of the subscales. In 
the subscale model, the difference in the rate of VF pro-
gression between treatment arms for the index eye remained

significant (P = 0.002), whereas no difference was found in 
estimated baseline and rates of change for either the BI VF 
or any of the subscales (Appendix). Similar results were 
obtained using the Rasch calibrated logit scores for the 
subscales; however, in this case, the difference in rate of 
progression for the BI VF was also borderline significant 
(P = 0.048; Appendix). The results were very similar in 
the analysis per protocol (Appendix), which also showed 
a significant difference in the BI VF rate of progression 
(P = 0.034).

Figure 3 reports the pointwise correlations for estimated 
baselines and rates of change between BI VF and the VFQ-
25 composite score. The correlations generally were weaker 
than with the average BI VF, especially for the rates of 
change. The pointwise rates were correlated more strongly 
with the individual subscales. For the estimated baselines, 
the correlations were generally stronger in the inferior BI 
VF, especially in the central 10 ◦ . A weaker correlation was 
found at the blind-spot locations. This spatial pattern was 
less evident with the driving subscale. The rates of pro-
gression in the inferior and right BI VF seemed to be 
correlated more strongly with VFQ-25 rates of change. This 
pattern was more evident in the subscales. The correlations 
were more diffuse for the driving subscale. Similar patterns 
of correlations were obtained with the Rasch calibrated 
logit scores (Appendix).

Discussion

A significantly slower rate of VF deterioration for the index 
eye was found with trabeculectomy surgery compared with 
medications (P = 0.002). A similar trend was seen for the 
BI VF, but it did not reach statistical significance. No dif-
ference was found in the measure for vision-related QoL. 
However, the estimated baselines and rates of change of the 
VFQ-25 scores were correlated significantly with the esti-
mated baselines and rates of progression of the BI VF and 
the monocular VF of the index eye, more strongly with the 
former.

The results are in agreement with the direction of the 
effect reported in our 2-year analysis 25 and with the 
significant difference in MD reported at 5 years. 18 Our 
current analysis provides a more accurate measurement of 
the rate of VF deterioration, exploiting rich information 
from pointwise VF data and minimizing the bias 
introduced by the perimetric floor effect. 24 This is crucial 
for accurate estimates in a population with advanced 
damage such as that in the TAGS. 25 We used VF 
sensitivity instead of age-corrected metrics. This allowed 
the modelling of the floor effect 25 and facilitated 
comparison with VFQ-25 scores, which are not age cor-
rected. This does not affect the comparison between treat-
ments, because aging would apply equally to participants in 
both arms, because of the randomized design. We focused 
on the index eye, rather than the better or worse eye, to 
estimate the maximal effect of treatment allocation. 
Because vision-related QoL is likely to correlate more 
strongly with binocular vision, 9,12,14,15 our methodology 
was extended to model the progression of BI VF and of
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QoL metrics effectively. This provided a detailed 
description of the correlation between these outcome 
measures, offering insights to explain the results from the 
TAGS. The causal effect of treatment on QoL and VF 
progression was also investigated with a per-protocol 
analysis, because 26 participants (12%) in the trabeculec-
tomy arm did not receive trabeculectomy in the index eye. 
The per-protocol analysis largely confirmed the results of 
the main intention-to-treat analysis (Appendix).

In agreement with previous reports of TAGS out-
comes 17,18 and results from other randomized clinical 
trials, 16,19 standardized QoL instruments similar to the 
VFQ-25 were not able to identify a significant treatment 
effect, despite a strong impact of trabeculectomy on the rate 
of VF progression in the index eye. This is relevant espe-
cially in the context of the study design, which was powered 
to detect differences in QoL outcomes and measured QoL at 
more time points than the VF (see “Methods”). The failure

Table 1. Descriptive Statistics for the 2 Arms of the Trial for the Patients Included in This Analysis

Characteristic

Medications First Trabeculectomy First

Index Eye (n = 221) Fellow Eye (n = 221) Index Eye (n = 221) Fellow Eye (n = 221)

Age 70 (61—76) 68 (59—76)
Sex

Female 77 (35%) 71 (32%)
Male 144 (65%) 150 (68%)

Ethnicity 
Afro-Caribbean 27 (12%) 30 (14%)
Asian 4 (1.8%) 10 (4.5%)
White 186 (85%) 178 (81%)
Other 3 (1.4%) 3 (1.4%)

VFQ-25
Composite score 91 (85—95) 91 (85—96)
Follow-up (yrs) 5 (4—5) 5 (3—5)

Questionnaires 7 (5—7) 7 (5—7)
CCT (μm) 539 (517—565) 540 (520—563) 540 (517—560) 538 (517—564) 
Lens status

Phakic 205 (93%) 203 (92%) 206 (93%) 206 (93%) 
Pseudophakic 16 (7.2%) 18 (8.1%) 15 (6.8%) 15 (6.8%) 

IOP (mmHg) 
Diagnosis* 24.0 (20.0—32.0) 21.5 (18.0—26.5) 25.3 (21.0—32.0) 22.0 (18.8—26.0) 
Baseline † 18.5 (15.5—21.5) 17.5 (15.0—20.5) 18.0 (15.3—22.0) 17.3 (14.0—21.0) 

Visual acuity (logMAR) 0.10 (0.00—0.26) 0.04 (—0.04 to 0.14) 0.08 (0.00—0.24) 0.04 (—0.06 to 0.14) 
Baseline MD (dB) —13.5 (—19.7 to —10.9) —3.7 (—7.7 to —1.3) —13.7 (—18.2 to —10.7) —3.9 (—7.9 to —1.3) 
Baseline PSD (dB) 10.7 (9.0—12.5) 3.6 (2.1—7.6) 10.6 (9.1—12.7) 3.4 (2.2—7.5)
VF follow-up (yrs) 5 (2—5) 5 (2—5) 5 (2—5) 5 (2—5)
Included visits 5 (4—5) 5 (4—5) 5 (4—5) 5 (4—5)

CCT = central corneal thickness; IOP = intraocular pressure; logMAR = logarithm of the minimum angle of resolution; MD = mean deviation; PSD = 
pattern standard deviation; VFQ-25 = Visual Function Questionnaire 25.
Data are presented as no. (%) or median (interquartile range).
*Before the initiation of treatment.
† After the initiation of medical treatment.

Table 2. Population Estimates (95% Credible Intervals) for the Estimated Baselines and Rates of Change in the 2 Arms of the Trial and 
Their Differences over 5 Years

Parameter Medications First Trabeculectomy First Difference P Value

Index eye VF
Intercept (dB) 13.98 (12.96—15.00) 13.86 (12.83—14.88) —0.12 (—1.57 to 1.35) 0.870
Slope (dB/yr) —0.75 (—0.90 to —0.59) —0.37 (—0.53 to —0.22) 0.37 (0.15—0.59) 0.002

Binocular integrated VF 
Intercept (dB) 25.35 (24.67—26.06) 25.10 (24.41—25.81) —0.25 (—1.22 to 0.75) 0.619
Slope (dB/yr) —0.40 (—0.51 to —0.29) —0.25 (—0.36 to —0.14) 0.15 (—0.01 to 0.31) 0.062

VFQ-25 (composite score) 
Intercept (score) 87.22 (85.48—88.91) 86.47 (84.75—88.16) —0.74 (—3.16 to 1.69) 0.544
Slope (score/yr) —1.47 (—1.89 to —1.04) —1.21 (—1.64 to —0.78) 0.26 (—0.35 to 0.85) 0.392

VF = visual field; VFQ-25 = 25-item Visual Function Questionnaire 25.
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to detect a difference is likely because vision-related QoL is 
determined mainly by binocular vision. 9,12,14,15,33 In the 
TAGS, the index eye most often corresponded to the 
worse VF eye (Table 1), whereas binocular vision would 
be dominated by the better-eye VF. We demonstrated this 
phenomenon by calculating the correlations for both the 
index eye and the BI VF and showing that the BI VF was 
correlated more strongly with QoL than the index eye VF 
(Table 2 and Fig 1). It should also be noted that the 
correlation between the index eye and the VFQ-25 is 
likely an indirect result of the correlation between index eye 
and the BI VF. This is demonstrated by the partial corre-
lation for the index eye (i.e., the residual correlation be-
tween index eye VF and VFQ-25 score after accounting for 
the correlation between index eye VF and BI VF) being 
much lower and not statistically significant. The BI VF and

better-eye analyses often provide similar results. However, 
in the TAGS, the worse eye was selected predominantly as 
the index eye. Therefore, modelling the better-eye VF 
would have removed the effect of the trial intervention 
systematically in most patients. However, we analyzed the 
subgroup of patients (n = 72) for whom the index eye was 
the better eye (Appendix). As expected, compared with the 
entire cohort, the index eye was correlated more strongly 
with the BI VF and the VFQ-25 score. However, the 
change in VFQ-25 was similar in this subgroup as well, 
showing no statistically significant difference.

A similar trend was observed with the individual VFQ-
25 subscales (Fig 2; Appendix). No significant differences 
were found between trabeculectomy and medications in 
the rate of change for any of the subscales or the BI VF, 
although the difference remained strongly significant for

Figure 1. Scatterplots showing the patient-level estimates of the estimated baseline and rates of change for the joint longitudinal model for all patients in 
the cohort. The insets report the estimates and 95% credible intervals for the correlations. The black points and line represent the average trend for visual 
comparison with previous literature. Note that the estimated VF sensitivity can have negative values because of censoring. β = regression slope coefficient; 
BI = binocular integrated; VF = visual field; VFQ-25 = 25-item Visual Function Questionnaire.
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the index eye rate of VF progression (P = 0.002). The 
estimated baselines and rates of change for all subscales 
were correlated more strongly with the BI VF, with no 
significant partial correlations for the index eye VF. 
Importantly, despite some methodologic differences, the 
magnitude of the effect of VF loss on QoL (Fig 2) was 
very similar to previously reported values, for both the 
baseline damage 10 and the rates of change. 12 Also in 
agreement with previous literature, 11 the driving subscale 
was correlated most strongly with the BI VF. This scale 
was available for 343 patients in at least 1 questionnaire, 
with 22 patients reporting that they had stopped driving 
because of their eyesight at baseline and 51 patients 
stopping at some point during the follow-up. One

limitation of our analysis is that we did not consider the 
informative censoring from patients who stopped driving. 
This, alongside a full characterization of other covariates 
that could influence QoL, will be the objective of future 
work. It is worth noting that no significant difference was 
found in the ocular pain and general health subscales be-
tween the surgery and medication arms. This makes it un-
likely that non—vision-related effects of surgery determined 
the lack of a significant difference in vision-related QoL. 
These results are also in line with previous reports from the 
TAGS showing no significant difference, at baseline or 
throughout the trial, in general health scores, such as the 
one obtained with the EuroQol 5-Dimension 5-Level 
questionnaire. 18

Figure 2. Graphs showing the estimated correlations (dots) and 95% credible intervals (bars) between estimated baselines and rates of progression of the 
index eye and binocular integrated (BI) visual field (VF) sensitivity with the estimated baselines and rates of change of the individual subscales. The 
shaded dots and bars represent the partial correlation for the index eye. VFQ-25 = 25-item Visual Function Questionnaire.
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We finally investigated the localized correlation between 
QoL and BI VF. The pointwise estimated baselines (Fig 3) 
showed generally stronger correlations in the inferior VF. 
This pattern was consistent across subscales. Regional 
association between VF loss and QoL are inconsistent in 
the literature, with reports of no regional patterns, 33 a 
stronger effect from the inferior VF, 15,34,35 or significant 
domain-specific correlations for different VF regions. 36 

Excluding the blind-spot locations, the weakest correla-
tions were found in the superior-paracentral VF, in agree-
ment with previous findings. 36 Weaker correlations at the

blind-spot locations are harder to explain, but could be 
related to either a differential processing of the information 
from this region of the VF, normally less sensitive even in 
the absence of pathologic features, 29,37 or could be a result 
of the uncertain estimation of the physiologic blind spots 
with standard automated perimetry. 38 A more diffuse 
pattern was noted for the driving and ocular pain 
subscales. The correlations for the pointwise rates were 
stronger in the inferior-left BI VF and within the central 
10 ◦ . The stronger influence of central VF progression is in 
agreement with published literature 39 comparing central

Figure 3. Diagrams showing the pointwise correlations between individual binocular integrated (BI) visual field (VF) locations and 25-item Visual 
Function Questionnaire scores (composites and subscales). The correlations for estimated baselines and rates of change are shown separately. The BI VF 
orientation is in patient view (the right side of the plot represents the patient’s right hemifield).
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and global VF loss estimated from 24-2 tests. Our analysis 
captures a similar effect but additionally accounts for the 
interaction between central and peripheral progression. 
The correlation of QoL with inferior VF progression has 
also been reported. 40 However, the significance of the 
left-right gradient has been explored poorly and remains 
unclear. 41 Future work also will focus on domain-specific 
BI VF reconstructions, especially for near or distance ac-
tivities. 42 One limitation of our analysis is that it would not 
estimate the isolated contribution of each individual 
location. This can affect the measured correlations in 
different ways. On the one hand, locations that are 
affected earlier in the disease might be closer to the 
measurement floor at baseline, which would prevent a 
correct quantification of their rates of progression. 
However, this was not the case for the average baseline 
BI VF in the present cohort; in fact, locations in the 
superior hemifield showed, on average, faster rates of 
progression. These results are reported in the Appendix. 
However, the inferior BI VF might be correlated more 
strongly with QoL because these locations are affected 
later in the course of the disease, when the BI VF is more 
advanced globally, thus amplifying their impact. To 
address this aspect, we performed a supplementary 
analysis to quantify the partial correlation between the 
VFQ-25 composite score and the locations of the inferior 
or superior BI VF hemifield, conditional to the opposite 
hemifield. This is effectively measuring the pointwise cor-
relations with QoL for varying intercepts and slopes in 1 
hemifield, while holding the intercepts and slopes constant 
in the opposite hemifield, accounting for global long-range 
correlations. The pointwise partial correlations also 
confirmed our main findings (Appendix). Note that this 
analysis used the correlations between individual locations 
and with the VFQ-25 scores estimated by the same model 
used for the main analysis. Finally, the raw pointwise 
average BI VF sensitivity at the different time points, 
stratified by initial binocular average sensitivity, did not 
show a marked superior—inferior asymmetry that would 
justify the spatial patterns of correlation with QoL
(Appendix). 

Previous work has suggested that the relationship be-
tween VF loss and QoL might be nonlinear. 13 The linearity 
assumption was necessary because of the complex 
correlation structures in our model. However, it should be 
mentioned that the nonlinear behavior could be, at least 
partially, a consequence of the ceiling effect in the raw 
VFQ-25 scores, evident from the figures published in 
Jones et al. 13 We have repeated all our analyses using a 
logit score from a Rasch model (Appendix), which would 
remove this effect, with no meaningful differences in our 
results. This suggests that the assumption of linearity is 
likely adequate in our cohort.

These results are important because the goal of glaucoma 
treatment is often stated to be the maintenance of vision-
related QoL. 43 The results confirm previous findings that 
VF measurements are more precise, more responsive, or 
both as clinical trial outcomes to identify treatment effects 
on glaucoma progression than measurements of vision-
related QoL, 16,19 while also showing a significant and

clinically meaningful correlation between VF progression 
and perceived changes in participants’ vision-related QoL. 
This supports VF measurement as the more suitable pri-
mary outcome for clinical trials and underpins the impor-
tance of including QoL among secondary outcomes, 
especially because QoL instruments are able to capture 
adverse outcomes and non-VF effects of treatment. 44 

Quality of life changes are also unlikely to be driven 
solely by VF change, because participants in the TAGS 
were aware of their treatment allocation and may have been 
aware of their progression status. These factors, in addition 
to VF change, may influence changes in QoL and also may 
explain, in part, previous similar findings. 12,16 The 
difference in QoL also might have been confounded by 
postoperative recovery and other intercurring factors, such 
as cataract development and medication burden. A 
description of these events has been presented extensively 
elsewhere. 18 It is important to note that ocular surface 
disease and cataract surgery had very similar incidence 
between the 2 arms and therefore are unlikely to have 
influenced the systematic differences in VF and QoL 
metrics in the TAGS. 18

However, these results do not undermine the importance 
of the QoL measurements because they represent the par-
ticipants’ vision-related experience, as influenced by the 
effect of having glaucoma on both vision and anxiety, and 
the potentially positive 45 and adverse effects of glaucoma 
treatments that are not related to disease progression. In 
this respect, it is important to note that trabeculectomy 
surgery did not have a negative effect on QoL in the 
TAGS. Moreover, although VF results are more responsive 
than VFQ-25 scores for detecting treatment effects within 
a 5-year trial horizon, especially for monocular interventions, 
extensive longitudinal evidence shows that VF loss, partic-
ularly binocular and inferior-field decline, predicts deterio-
ration in vision-related QoL, notably in driving ability. 14 

These findings are complementary, rather than 
contradictory. Longer observation periods could show the 
long-term effect of treatment on QoL. In the TAGS, the 
minimally clinically important difference was set at 6 points 
for the composite score, 17,18 in agreement with previous 
literature in similar populations. 46,47 Using our estimates 
(Table 2), it would take 23 years to show such a difference 
on average. Such a long observation period is impractical 
for clinical trials. Moreover, patients who are identified as 
showing deterioration based on clinical metrics (such as 
VF) would warrant earlier additional treatment, preventing 
the measurement of the intended QoL outcome. In 
contrast, a difference in reaching commonly used clinical 
threshold of 2-dB VF mean sensitivity or MD change 46 

would be achieved in 5.4 years for the index eye.
In conclusion, trabeculectomy was more effective than 

drops in preserving VF and should be considered as a first 
treatment in patients with advanced glaucoma. No differ-
ence was found in measured QoL between the 2 arms, 
despite a strong correlation between VFQ-25 scores and BI 
VF loss. Therefore, current QoL instruments are likely not 
precise or responsive enough to the effect of glaucoma 
treatment to be used as the primary outcome measure in 
randomized clinical trials.
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